SUMMARY Fourteen long term survivors with orthotopic (recipient heart replaced by donor heart) and nine with heterotopic cardiac transplants (recipient heart retained) had 24 hour ambulatory electrocardiographic monitoring to detect ventricular arrhythmias. Arrhythmia was uncommon in the patients with orthotopic transplants; none of them had more than one extrasystole per hour. In the patients with heterotopic cardiac transplants the recipient's own heart showed significantly more frequent ventricular arrhythmias than the corresponding donor heart: abnormal complexes (mean/24 h) 4583 vs 42-7; extrasystoles 1772 vs 17-8; pairs 121 vs 0-8. There was no relation between the abnormal ventricular activity of the two hearts in the patients with heterotopic transplants on a beat by beat, hourly, or 24 hour basis. There was no consistent diurnal variation in the frequency of the abnormal ventricular beats after cardiac transplantation. The occurrence of ventricular arrhythmia was unrelated to the interval from operation to the study.
SUMMARY Fourteen long term survivors with orthotopic (recipient heart replaced by donor heart) and nine with heterotopic cardiac transplants (recipient heart retained) had 24 hour ambulatory electrocardiographic monitoring to detect ventricular arrhythmias. Arrhythmia was uncommon in the patients with orthotopic transplants; none of them had more than one extrasystole per hour. In the patients with heterotopic cardiac transplants the recipient's own heart showed significantly more frequent ventricular arrhythmias than the corresponding donor heart: abnormal complexes (mean/24 h) 4583 vs 42-7; extrasystoles 1772 vs 17-8; pairs 121 vs 0-8. There was no relation between the abnormal ventricular activity of the two hearts in the patients with heterotopic transplants on a beat by beat, hourly, or 24 hour basis. There was no consistent diurnal variation in the frequency of the abnormal ventricular beats after cardiac transplantation. The occurrence of ventricular arrhythmia was unrelated to the interval from operation to the study.
In long term survivors of cardiac transplantation the denervated heart shows a little ventricular ectopic activity even when compared with normal hearts. In patients with heterotopic transplants ventricular arrhythmias commonly occur in the recipient's own heart; these are probably related to the underlying severity of the original disease.
Ventricular arrhythmias during ambulatory monitoring have been reported to be more frequent in patients after conventional orthotopic cardiac transplantation than in normal subjects.`' Most of these arrhythmias occur soon after the operation.4 Little is known about their occurrence, possible causes, and potential influence on prognosis in late survivors of cardiac transplantation. 5 The development oftwo channel electrocardiographic recorders and computerised analysers permits the separate identification of the QRS complexes of the two hearts (donor and recipient) after heterotopic cardiac transplantation and a quantitative simultaneous study of the ventricular arrhythmias of both hearts during Holter monitoring.
The purpose of our study was to (a) find out how common ventricular arrhythmia was in the den- Tables 1 and 2 shows the number of the "abnormal complexes", extrasystoles, pairs, and runs in the two groups of patients. Ventricular tachycardia was not seen in any patient. Nine (39%o) out of the 23 denervated hearts had no abnormal ventricular activity at all and in rest such activity was infrequent. This low occurrence of ventricular arrhythmia was similar in the donor hearts of both groups. We saw many abnormal complexes and extrasystoles in the recipient hearts of those patients with heterotopic transplants.
Analysis of the arrhythmia frequency in those with heterotopic transplants on a 24 hour or hourly basis showed no relation between the two hearts. The occurrence of an extrasystdle in the one heart did not correlate with the presence of an extrasystole in the other heart. Table 3 shows the frequency of abnormal complexes per hour during sleep and waking. Abnormal complexes were less common during sleep in four donor and two recipient hearts in the nine patients with heterotopic transplants. In the orthotopic group three of the eight patients with abnormal ventricular activity showed a decline in the frequency during sleep. The occurrence of extrasystoles during the 24 hour period was also reduced during sleep.
Finally, the occurrence of abnormal complexes or ventricular extrasystoles was unrelated to the time since operation in both the orthotopic and heterotopic groups. Runs   1  20  20  4  0  14608  3421  410  241  2  0  0  0  0  2337  860  23  0  3  4  4  0  0  41  35  6  0  4  8  8  0  0  18  18  2  2  5  0  0  0  0  19  17  0  0  6  0  0  0  .0  222  200  0  0  7  11  11  3  0  2658  7599  90  91  8  4  2  0  0  25  13  0  0  9  337  115  0  0  11317  3788   563  318  Mean  42- Ventricular arrhythmias were uncommon in the denervated transplanted heart; they were no more common than in normal individuals."-" Only one denervated heart in this series showed more than a hundred extrasystoles in 24 hours; again this is probably within normal limits. The infrequent occurrence ofventricular arrhythmias during continuous ambulatory electrocardiographic monitoring in patients after orthotopic cardiac transplantation accords with previous studies,' 14 although in these patients arrhythmias were less vigorously measured.
Several factors may be implicated in the arrhythmogenesis after cardiac transplantation. Supersensitivity to circulating catecholamines,'5 rejection episodes, and accelerated atherosclerosis'6 could favour the production of arrhythmia in the donor heart. But the low frequency of extrasystoles implies that such factors have a limited role. In the innervated hearts of the heterotopic group severe underlying disease (coronary artery disease, congestive cardiomyopathy) is the most likely cause for the increased numbers of arrhythmias. The lack of correlation between the arrhythmia in the donor and recipient heart underscores the importance of the different aetiological factors causing extrasystoles. In addition, the absence of simultaneous occurrence of arrhythmia indicates either lack of effect of the stimuli common for both hearts, such as hormonal factors and physical activity, or different bases for these stimuli in each heart.
Unlike normal subjects'7 we found no overall reduction in extrasystoles during sleep. Denervation of the donors' hearts and autonomic dysfunction 1114 of the severely diseased recipient's own hearts might be responsible for the absence of a diurnal variation. It was interesting that some of the denervated donor hearts did show a reduction in extrasystoles during sleep; this probably reflects the lowered plasma catecholamines seen during sleep, with perhaps some added amplification caused by denervation supersensitivity.
Despite the frequent occurrence of extrasystoles in the recipient heart our patients did not report dizziness or palpitations. This presumably reflected the relatively small contribution of the recipient heart to total cardiac output.
Our study is limited by the short duration (24 hours) of electrocardiographic monitoring, since there is a significant day to day variability in the frequency of extrasystoles in patients with innervated hearts"8; there is no information on such variability after cardiac denervation. The generally low occurrence of arrhythmia suggests that there will be less day to day variation in counts.
In conclusion, ventricular arrhythmias were no more common in donor hearts than in normal individuals. In contrast, the very high occurrence of ventricular extrasystoles in recipient hearts was probably related to their underlying severe disease. There was no evidence of simultaneous arrhythmia in both recipient and donor hearts. 
